The basic principles of Genetic Algorithm (GA) were first proposed by Holland [4]. It is inspired by the mechanism of natural selection where stronger individuals would likely be the winners in a competing environment. Here, GA uses a direct analogy of such natural evolution. It presumes that a potential solution of a problem is an individual and can be represented by a set of parameters. These parameters, regarded as the genes of a chromosome, can be structured by a string of values in binary form. A positive value, known as fitness value, is used to reflect the degree of "goodness" of the chromosome, which is generally correlated with the objective function of the problem.
GA in Control Systems
For its use in control systems engineering, GA can be applied to a number of control methodologies for the improvement of the overall system performance. In most of the controller designs, some parameters are required to be optimized in order to give a better overall control performance. Furthermore, the configuration or the order of the controller may be optimized to reduce the system complexity.
In classical PID control problem, the required three-terms-parameters which are known as proportional, integral and derivative gain, should be optimally determined. Despite the method of Ziegler-Nichols (ZN) ultimate-cycle tuning scheme, these parameters can be optimally obtained via GA. Successful implementations are found in pH neutralization process [12] , and the heat exchanger system [8] . [9] is used. Figure 2 depicts the hierarchical chromosome structure for the design. The control genes in the form of bits decide the activation or deactivation of the blocks. The coefficient genes define the value of the coefficients in each block. The optimization of both order and parameter of the shaping function can be performed in a simultaneous manner. This offers the flexibility to search for the parameters of controllers for different degree of complexity and at the same time, it provides a means of achieving certain optimality. Secondly, multiple objective approach can be also adopted to further enhancing the degree of success of meeting the design criteria of extreme plants [3] . 
. Chromosome formulation for compensators design
A number of successful applications have been reported in this area. The noticeable contributions are found in magnetically levitated (maglev) vehicles [2] , distillation column [9] and Graebe's benchmark problem [11] .
GA in Speech Recognition
In a Automatic Speech Recognition system, the spoken speech patterns (test pattern) are usually identified with the pre-stored speech patterns (reference patterns). Comparison of speech signals has a number of difficulties as variations in time and the time scales among them are not fixed. Therefore, time registration of the test and the reference patterns is one of the fundamental problems in the area of automatic isolated word recognition.
The technique of Dynamic Time Warping (DTW) has been developed for that task. The performance is good and accurate. However, the nonlinear time alignment of DTW, involving the conflicting issues of optimizing the stringent rule on slope weighting, the non-trivial computation to obtain the K-best paths as well as the endpoint constraint relaxation, is a problem which cannot be easily resolved.
In this context, GA has no technical difficulty in these areas. Experimental results have shown that the GA approach has a very close recognition performance. In addition, GA has a higher level of confidence in identifying confused input utterances than the conventional of DTW, especially for confused words [9] .
Telcommunication Network Design Using GA
There is another area that GA is very comfortable to be applied with. Optimization is often required for scheduling, resource planning and network topology. GA has been demonstrated as powerful tool for solving the NP problems.
HGA can be used for the design of wireless local area network (WLAN). The HGA chromosome structure is shown in Figure 3 . The coefficient genes specify the locations of the based-station. Such approach not only satisfies the optimization of the skewed multiobjective functions and constraints, but also identifies a precise number of required base-stations. This has been demonstrated by a WLAN design which was applied to a diagnostic radiology department of a hospital [6] .
x y z Furthermore, [7] also proposed a total solution for topological design of a mesh packet switched communication network using GA. Not only that the network topology can be optimized, but the optimization of capacity and routing is also completed. The obtained result is reported to be more superior than that of heuristic methods.
Emerging Technology with GA
In the field of emerging technology, GA can be embedded together with other techniques. Considering the like of Neural Network (NN) or Fuzzy Logic, their intelligence is very similar to GA which also tries to emulate the functionality of biological behaviors. Because of their modelling power in such a complex human system, an optimal model is therefore very critical for achieving the ultimate goal in engineering. At this point, GA may contribute its distinct capability for obtaining such a model. Therefore, to able to integrate GA with either NN or fuzzy logic, or both, can form a solid foundation for the development of intelligent systems. This section attempts to outline some applications of GA in this domain.
A. Integration of GA and NN
The use of NN for industrial control has been well accepted. The most noticeable applications are in the areas of telecommunication, active noise control, pattern recognition, prediction and financial analysis, process control, speech recognition, etc [1] .
Using GA as a replacement for back propagation for weight optimization does not seem to be very competitive especially for computational speed is concerned. However, it may be a promising learning method for reinforcing the training of a full recurrent NNs, or network that is with non-differentiable transfer neurodes.
The contribution of GA in optimizing a global NN topology optimization is also feasible. A typical GA application is to evolve the network topology using GA for fine tuning the weights. The approach has been demonstrated in the feedforward networks using HGA [9] , where both topology and weight coefficients have been globally optimized. The assoicated chromosome structure is shown in Figure 4 . 
B. Integration of GA and Fuzzy Logic
In principle, there is no general rule or method to construct the fuzzy rules and membership functions. As a fuzzy concept, the rules and membership functions are defined by the skilled operators. This way is obviously not an optimal solution. In this context, GA as an optimizer, is well applied. Figure 5 shows the hierarchical chromosome structure for the formulation of fuzzy membership functions and rules. This formation has been successfully implemented on a water pump system [9] and the solar plant system [5] . , , 
Conclusion
A very brief sketch to outline the capability of GA in solving complex and conflicting problems is presented in this paper. A number of real-world applications have been described. It is anticipated that the presented materials serve the purpose as an introduction to this emerging technology for practicing engineers for whom have little or even zero knowledge in GA. It is also reasonably to believe that this article should have comprised enough information to encourage, and to arouse the interest to newcomers so that GA may be implemented for their practical problems.
What is remained to the challenge of GA, is undoubted the real-time and adaptive capability. The real time issue is not so much hinged on the computing speed. As a matter of fact, the parallelism of GA [9] , which has not elaborated in this paper, should improve the computational speed quite considerably and comfortably.
Rather, it is the unpredictability of GA in time to reach solution, is the main cause of concern. As GA is a stochastic, discrete and nonlinear process, guarantee response time remains a difficult problem to be resolved.
Thus far, applying GA in a time-varying system is still in its infant stage. Due to the population convergence, GA is difficult to react promptly to the changing environment. Research work in this direction should be encouraged. One possible approach to this problem is to monitoring the GA process via some intelligent supervisory schemes.
Besides, the integration of GA with other emerging technology such as neural networks and fuzzy logic systems could be another challenging area. Different combinations may give us a fruitful result in the domain of intelligent systems design.
All in all, the knowledge generated from GA over the last twenty or more years has now become mature. The prospect of applying GA for practical applications has been well demonstrated. A considerable growth for applying GA particularly in the field of industrial electronics is anticipated for years to come.
